graphy (CT) was performed on all patients as soon as they were admitted. One hundred and 30 patients (72.2%) had the thrombosed occlusion type. In 58 patients (32.2%), the maximum aortic diameter already exceeded 40 mm at the time of onset. Thirty-three patients (56.9%) of them had a patent false lumen. We medically treated patients at the time of onset, regardless of the aortic diameter and blood patency status in the false lumen. The patient was kept in the intensive care unit (ICU) at the time of onset. We initially treated with intravenous calcium-antagonist and nitroglycerin and sometimes -blocker. Morphine was used for pain relief. Further contrast CT scans were carried out on the 2nd and 7th days after onset, and at the time of discharge from hospital. In patients in whom the contrast CT scan on the 2nd day showed no sign of re-dissection, narrowing of the true lumen, or rapid aortic enlargement, treatment limited to oral medication and diet was started. Standing and walking stress training was gradually introduced from the 3rd day after onset. Additional contrast CT scans were taken in patients reporting severe chest or back pain and emergency or early surgery was performed when rapid aortic diameter enlargement or vital organ malperfusion was identified at any stage. Patients were generally discharged at 4 weeks, and underwent follow-up CT scans every 6 months. Calcium antagonist, angiotensin-converting enzyme inhibitors, angiotensin-receptor blockers orblockers were administered to outpatients either alone or in combination to maintain morning systolic blood pressure less than 140 mmHg. Elective surgery was performed for patients with a maximum aortic diameter exceeding 60 mm.
The average length of follow-up was 51 months. Data
Circulation Journal Vol.71, August 2007
were retrospectively collected from surgical records, hospital charts, and clinical follow-up notes. Follow-up information was obtained from all surviving patients. Independent predictors of early mortality and qualification for elective surgery were examined by univariate analysis using the chi-square test and by multivariate analysis using a logistic regression model based on 14 parameters at the time of BAD onset, including age (>75 years), sex, presence of Marfan's syndrome, patent false lumen, maximum aortic diameter exceeding 40 mm, myocardial ischemia, transient ischemic attack, stroke, chronic renal failure, impending rupture, refractory hypertension (RHT), pneumonia, congestive heart failure, and malperfusion of the lower body.
Freedom from operation and actuarial survival rates were also calculated by the Kaplan-Meier method.
Results
Cardiac surgery not related to aortic dissection was carried out in 8 patients (4.4%), of whom 5 underwent coronary bypass (CABG) and 3 had aortic valve, mitral valve, and aortic root replacement, respectively (Table 1) . Five patients undergoing CABG had chest pain during initial admission and coronary angiography, which was carried out 1 month after BAD onset, showed multivessel disease. Therefore, they underwent elective CABG 2 months after BAD onset. The valve diseases were found in the other 3 patients with echocardiography during the initial admission and the valve and root replacements were carried out approximately 6 months after BAD onset. Emergency surgical intervention was required in 7 patients (3.9%), of whom 2 with leg ischemia underwent axillofemoral bypass, with 1 dying from multiple organs failure from malperfusion of the lower body. The 5 other patients with aortic rupture received a distal arch to descending aortic replacement, and 1 died of bleeding (Table 1) . Thirteen patients (7.2%) died in the early stage of hospitalization. Of this group, 2 died after emergency surgery, 5 from abdominal malperfusion, and 3 in the ICU because of early aortic rupture 3-4 days after BAD onset, and caused by a brain event, heart failure, and bronchial asthma, respectively (Table 2) .
During follow-up in the chronic phase, elective surgery was required for 31 (19.1%) of the patients who had not undergone emergency surgery or had been discharged from hospital alive. Of these, the average dissected aortic diameter at the time of BAD onset was 47.3±7.8 mm, which was significantly larger than the aortic diameter in patients not requiring elective surgery (38.2±6.1 mm, p=0.0001). In 26 of these 31 patients (83.9%), aortic diameter exceeded 40 mm at the time of onset. Thoraco-abdominal replacement was performed in 22 patients with type B aneurysm, with an aortic diameter exceeding 60 mm. Four cases were complicated with a type A dissection in addition to the BAD. In these cases, the intimal tear was located in the ascending aorta, suggesting a newly developed type A dissection, which had not occurred before the BAD. Two patients underwent abdominal repair for type B abdominal aneurysm. One received a distal arch replacement because of re-dissection 6 months after initial onset, again because of narrowing the true lumen 3 months after onset. The other patient underwent elective surgery for right heart failure caused by patent ductus arteriosus-related complications. Mortality during elective surgery was 12.9% (4 patients) ( Table 3) .
During the follow-up period, 21 patients died of various causes, such as malignancy, aortic rupture, senility, cerebral complications, heart failure, or suicide ( Table 4 ). The mean follow-up period was 50.5±37.8 months. The Kaplan-Meier curve without the 18 patients who died and had emergency surgery at the time of onset showed that the freedom from operation rate was 93.0% at 1 year, 83.9% at 5 years, and 76.0% at 10 years (Fig 1) . The actuarial survival rates at 1, 5, and 10 years of the patients who were discharged from hospital alive were 97.0%, 89.4%, and 71.8%, respectively (Fig 2) . Independent predictors of early hospital mortality on univariate analysis were a maximum aortic diameter exceeding 40 mm at the time of BAD onset (p=0.0094), aortic rupture (p=0.0194), RHT (p=0.0001), chronic renal failure (p=0.0005), and abdominal malperfusion (p=0.0001). Multivariate analysis showed that RHT (odds ratio (OR) 4.08, 95% confidence interval (CI) 3.06-21.44, p=0.0434) and rupture (OR 5.87, 95% CI 2.21-9.12, p=0.0154) were predictors of early hospital mortality (Table 5) . On the other hand, independent predictors of elective surgery were a maximum aortic diameter exceeding 40 mm at the time of BAD onset (p=0.0001), patent false channel (p=0.0486), and Marfan syndrome (p=0.0395). Multivariate analysis showed that maximum aortic diameter exceeding 40 mm at the time of BAD onset was the only significant predictor of elective surgery (OR 13.4, 95% CI 1.93-6.89, p=0.0003) ( Table 6 ).
Discussion
It has been generally advocated that patients with BAD without complications (such as rupture or vital organ ischemia) should be treated with hypotensive drugs at the time of onset. 1, 6 However, some patients die in hospital from these causes, while others have large aneurysms requiring extensive operations. 7, 8 The hospital mortality rate of patients undergoing surgical treatment for BAD is still very high, 9 and although minimally invasive endovascular approaches have been developed, this treatment also carries a relatively high rate of complications and death. 10 Tsai et al reported that the 3-year survival for patients with BAD treated medically, surgically, or with endovascular therapy was similar (77.6±6.6%, 82.8±18.9%, and 76.2±25.2%, respectively) and they stated that contemporary follow-up mortality in patients who survive to hospital discharge with BAD is high, approaching 1 in every 4 patients at 3 years. 6 Midterm survival of BAD patients should be more favorable with aggressive hypotensive treatment and close monitoring by a cardiologist or cardiovascular surgeon. 1 The present study showed a greater than 80% chance of survival after 5 years. We speculate that there are 2 important determinants of successful long-term outcome, namely the identification and care of patients at risk of early death, and the management of those in the early phase in order to avoid elective surgery.
In the present study, 13 patients (7.2%) died during the early stages of hospitalization, of whom 2 died after emergency surgery because of aortic rupture or leg ischemia at the time of BAD onset, 5 from malperfusion of the lower body, 3 from early aortic rupture in the ICU and 3 from cardiopulmonary and brain complications. In the 3 patients with early aortic rupture in the ICU, the aortic diameter was already 65 mm at the time of BAD onset. In accordance with the findings of Elefteriades et al, the current maximum threshold for surgery of a diameter of 65 mm, all 3 were scheduled for early surgical intervention, but unfortunately they could not be taken to theater. Five of the 13 patients who died early had RHT. Although aortic rupture or lower body malperfusion did not occur, their condition was exacerbated by rapid enlargement of the false lumen because of RHT. In fact, the gradual development of lower body ischemia occurred in 4 of these patients, despite their being asymptomatic at the time of BAD onset. Other studies have reported that lower body ischemia or aortic rupture are predictors of early mortality in BAD patients. 7, 11 In the present study, although univariate analysis identified lower body ischemia as a predictor for early mortality, this result was not statistically significant on multivariate analysis. However, both lower body ischemia and aortic rupture are associated with RHT. Therefore, aggressive hypotensive treatment is quite important at the time of BAD onset and furthermore, we believe it is important to minimize the patient's mental and physical stress. Care should therefore be taken to prevent prolonged bed rest. Our standard practice is to transfer patients from the ICU to the surgical ward 2 days after BAD onset, followed by the gradual reintroduction of standing and walking exercise training. In patients with the complication of RHT, early surgical inter- vention might also be recommended. When and how many patients require elective surgery for BAD? Kato et al suggested that surgery was indicated for BAD during the acute stage in patients whose aortic diameter exceeded 40 mm, 12 as this suggests aortic enlargement in the chronic phase, particularly in cases where the false lumen is patent. 12, 13 However, other studies suggest that elective surgery for patients with aortic enlargement yields no better results than acute-phase surgery, because more extensive surgery and concomitant reconstruction of the visceral arteries are often required during the chronic phase. 14, 15 Our study also showed that a maximum aortic diameter exceeding 40 mm at the time of BAD onset is the only significant predictor for elective surgery. However, our long-term outcomes showing a 10-year survival rate of 71.8% and 10-year freedom from surgery of 76.0% with aggressive hypotensive therapy and close monitoring are satisfactory. In the present series, the high incidence of a thrombosed occlusion might also be associated with good long-term survival. 12, 13 Iguchi et al reported that medical treatment is indicated for all patients with uncomplicated BAD if the diameter of the dissected aorta is less than 50 mm. 16 In the present study, in contrast, patients were treated medically, even when the maximum aortic diameter exceeded 50 mm at the time of BAD onset. During followup in the chronic phase, elective thoraco-abdominal replacement was required for 22 patients with type B aneurysm, in which the aortic diameter exceeded 60 mm. These patients were closely monitored and morning systemic blood pressure was well controlled. No aortic rupture was observed during the follow-up period, even in patients in whom the aortic diameter exceeded 60 mm.
Winnerkvist et al demonstrate that actuarial survival rate was 69% at 10 years and that only 15% of BAD patients treated medically developed an aneurysm with a diameter exceeding 60 mm. 17 Genoni et al found that freedom from subsequent aortic surgery was approximately 80%. 18 These results are similar to those reported here, and are considered satisfactory. On the other hand, mortality from elective surgery in the present series was markedly high (12.9%). Trimarchi et al reported that overall in-hospital mortality in BAD patients following surgery was 29.3%. 9 The present results and a review of the literature indicate that aggressive medical treatment for BAD offers advantages over surgical intervention. Our Kaplan-Meier curve analysis showed freedom from surgery rates at 1, 5, and 10 years of 93.0%, 83.9%, and 76.0%, respectively, following BAD onset, and actuarial survival rates were 97.0%, 89.4%, and 71.8%, respectively. These findings indicate the value of medical therapy for BAD treatment, but we emphasize again the need for close monitoring of patients, particularly those with an aortic diameter of exceeding 40 mm at the time of BAD onset.
Conclusions
These findings highlight the value of medical treatment of BAD. Strict control of blood pressure should be maintained in patients with a dissected aortic diameter exceeding 40 mm at the time of onset.
